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PURPOSE: To obtain an EL device having a layer containing a 
polythiophene having a specified structure, capable of efficiently 
emitting light by a low voltage and excellent in heat resistance ; 
durability, drive stability and luminous life. 
CONSTITUTION: This EL device has one or more layers 
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structural unit of formula HI [X1 and X2 are each H or a halogen; 
(n) is 4 to 100]. 
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^b6fco^TlB-Tt. R3 fc£tfR 4 l^b5C0*(D 

[0 0 5 7] X 1 *scfctfX2 f*. •f-^^tLl^l — ttl*: 



<f >jf^-T*fc£o X1 33cfetfX2 14*1 



E^{*II<D*5bbS 



(8). 



^fW7-1 2 6 6 1 6 



[0058] nitw-^m^&^mt^L. mtpT*itm&& 

I s *m^tell£P*ilC4~1 00, ff$L<l*5-4 
0. ££|C#£L< 1*5-2 O-Cfe^o Ctf)ii<&. R 3 
£R 4 C0M^i±^l^-OM^ ) Trfeo 

tt, R 3 <^R4 <*>*&^i*aWd: (=itKUv 

[0 0 5 9] Jf 4Mcfc(t£S-&#;iii coSS^^j 
tf^mtes oo-i ooo ofijg-e&£o 
[0060] #as % s*&&m mt 6 ic^-r a 



[0 0 6 i ] S^ftin (DMtem&iti 2iz^-r 0 <b i 

2* (Ctelbl 1 <^R3 > R4 ^^^Ltl^^o ft" 
33. fb1 1 r^b6 £^Ct<D:?3b£^ l¥*§f<5o 
[O O 6 2] 

[<b 1 1 ] 




[O O 6 3] 

Hb i 2 ] 



ffi ^ {* 


R 3 


R* 




III - 1 


H 


H 




III -2 


H 


Ph 




III -3 


Ph 


Ph 




III -4 


H 






III -5 


CH 3 


CH 3 




III -6 


H 


CH 3 





[0 0 6 4] *^0JCDM^<* 



-;Mb^^a^^- 
i:r^t>ti^o $?£L<li. (1) <f*J-*— ;i,JE££ 
frl\ y^PP (2, 2' -tftf'JS?:/) -^MNiC 
l 2 (bpy)]^^(DN i H^^^^^l^TM^-r^^at Ya 
mamoto T. , et a I . , Bull. Chem. Soc. Jpn. , 56, 1 497 (1 98 
3)] *\ (2) fcf* (1, 5-v^P^^Vl» - 
^;H>li (cod) 2 ]^^t ,k Ta^'r^S-}S[ T. Yamamoto, e 
tal., Po I ym. J. , 22, 1 87 (1 990) ] , & £{Z & y & 

[0 0 6 5] ZiD^'P^S'&ffCD^l^fi. 7cit##i\ 

ni&ilxx^ h;u ( i r) . aift**x^^ h;u (n 

MR) ^(Zj:or^T5 ZLttfV$Z> 0 
[0 0 6 6] (n) % lif^^l 

— (GPC) . P7h^77>f- h 

[O O 6 7] Bl£l* 3 o o°ciu±, *fcl*»jS£J#fc«i: 

C H 

ItJMlK (%) 58.5^ 2.45 

ail^fit (%) 57.07 2.07 

[0 07 1 ] -&JgEgy~2 yff'J (T7i-^x>-2, 5 - V 
-QlQ [M^ftlll -1 : SfettttH^fcttB r] 

ex (i, 5-^Pt^vi» — (N i 



[0 0 6 8] klTUU Z^bO)i^fta)^^j$fvto 

[006 9] jfjj (T^^Ji>-2, 4- v 

£A0 [g^ftl-l :^aiHffcB:Br]^a 
t*X (1, 5-y^Pt^^yi» — ^^r;i/ (N i 

( c o d ) 2 1 - 58g (5. 7 1 mmo I ) N 2, 2 ' - 
et°'Jix>0. 90g (5. 75mmol) t. 1, 5— V 
<7 v>X>1 . Oml£, N, N - TJlsTfcJVJ* 

V £ K5 OmllzS*#Bim*-e;l^L. £b(C2, 4- 
V^P^E^Tl-^ ^ > 1 - 1 5g (4. 7 6mmol)^iP 

6 0°CT?1 8hr«ffLfc. ^<7>$£S, **fe<D7K 
U V-*fldS84:LT»fc. »&jfcfc7Ky^— frfe-^* 

x^u^T h;ux>. ^7K. x£y— ;u 

■eft»Lfc 0 Jlx*te9 i %-efeofc 0 

[0 0 7 0] 

N Br 
39. 55 0. 0 (C4H2S) n 
35. 50 5. 56 

(cod)2) 1- 58 e < 5 - 7 Immol) , 2, 2' 
- e fcf U v > 0 . 9 O g ( 5 . 7 5 mmo I ) t . 1 , 5 — 



(9) 



WBW7-1 2 6 6 1 6 



ats ks omiizmm^mn^vm^L. 2z>iz2, s 

-V^P^E^^^xV 1 . 1 5g (4. 7 6mmol)£an 
6 0°CTM 8h rti^L^o -€-<Z>$£^ #^fe<D7K 

C H 
ft*ffl (%) 58.5 2.45 
(%) 53.45 2.32 
[00 7 3] i^«3 TjjU (3-7i-;b-ft7 x 
>-2, 4-v-Ob) CM^fr 1 -3 : ^SH^fclj: 
Br] 

ex d, 5-*><?n;i-^$ vx» -yfji, (n i 

( c o d ) 2 ) 1 ■ 58g (5. 7 1 mmo I ) . 2, 2' 
-et°'Jy>0. 90g (5. 7 5mmol) <t. 1, 5- 
y^Pt^ylVI, Oml£. N, N — S/^^M^U 
5 K5 Omllza**H«*-ea«&L, ££|C2, 4 

C H 
!t»i (%) 75.8 3.8 
S'J^flt (%) 74.5 3.7 
[007 5] fj» /gU (3, 4-v> ^U^^ 

fcttB r ] (ft^ 

tfx (1, 5-y^P^^vi» -y^rJU (N i 
( c o d ) 2 ) I- 58g (5. 7 1 mmo I ) . 2, 2' 
-tftfUvVO. 90g (5. 75mmol) 1, 5- 

v£ ^ yi>i . omi n, N-^>^;u^;b 
ATS K5 Omifcffi*SHft*-eS^U ^bl:2, 5 

C H 
ftfffil (%) 65.4 5.48 
SlJStt (%) 65.1 5.51 
[007 7] M«5_ ^?h:7x>-2, 
ft7x>-2, S-ix^U (1 : 1) ^M^tf C*g 
^ff I I - 1 :tt5feaHtfettBr] 

(1, 5-y^Pt^$vi» x-/>r;u (N i 
( c o d ) 2 ) 1 ■ 58g (5. 71 mmo I). 2, 2' 
-t*t°'Jy>0. 9 0g (5. 7 5mmol) 1, 5 — 

y?Pt>?vi>l. Oml£. N, N-e?> f^U7fr;u 
ATS K5 Oml(Cg*»H«cfit?Si^L. $t>l^2, 5 
7cf?t#«T C H 

ft*ffl/% 58.5 2.45 
57.1 2.10 

[0079] *a>ffio>«^b : &*icoi^rti±lBi=ao 

[0 O 8 O] *96K<OE' Ll^lt '>&< til JS(D* 

SB^I^StttSc *«BflDEL«?fl)iiiE«$ 
B 1 f-Tvfo, BBlcSShS E L*? 1 I*. Sffi2± 
fz. »a3* jETLSANtiSJI 4 % S£3£Ji5. W^aAtt 



;uft*»*if **-x*y— ;i/C8fc» 
[0 0 7 2] 



N Br 
39. 55 0. 0 (C4H2S) n 
35. 84 6. 39 

-y^D^E-S-^i-Wt^i^l. 1 9g (5. 
OmmoJ) 6 0°Ct1 8h rjt^Lfr 0 -€"<D$g 

x$y — ;i/5g?a. x^u>i?TS>*58?8L h;uxx 
gftTK. x$y — ^-eft»Lfc. Jfc*l*9 0%-c*-3fc. 

[0 0 7 4] 



N Br 

20.2 0.0 (CioHsS)n 
18.6 3.0 

-V^P^E-3, 4-v>^;U^^(-^x>1 . 40g 
(5. 2 mmo I) '£fln5L. 6 0°C"ei 8 h rftffLfc, 

ttfctf 'J -7—^ & — ^ $r;Hb*»«i: if SI**"*" * fc#>* 
*&-x$ry— ^jBjgL x^u>i>TS>7kj§^ h;u 
x>, iftTK. x*y— ;bff**Lte. ilx^l48 0%-efc 
ofc. 

[0 0 7 6] 

N Br 

29. 1 0.0 (C 6 H 6 S) n 

27. 0 2. 0 

-y^P^Eft^iyO. 63g (2. 6mmol) 

2, 4-v?P : Eft7i>0. 63g (2. 6mmol) 

i***.. 6 0°CT*1 Shrti^Lfco *-<D$gm. 

©*ye-*a»iLr#t=. a&fifctf'j-*— 

**;ufb**fc£*l**-r*fcto. 

»L if b>v7 S >7K^;^. h;ux> % j&7K. x*y 

-;i/-eft;ILfe, ite^ii9 3%-efcofco 

[0 0 7 8] 

S Br 
39.55 0.0 (C 4 H 2 S) n 
36.2 4.0 

[008 1 ] *3t«f4. iEJLfecktfW^flOJtAflltt. €■ 



(10) 



2 6 6 1 6 



z&mn ct ittEfLofn^ss if -s mm £ w-f *.* o -e & 
y, c^ojiii, «*Hi^aA**t*jEfl.-v>« ; FSJi 

£&«-T-So W^aA$i5£Jf fc«fctfjE?LaAi!^Jll*. 
Itbtili. SS3teJSI=m*31bo*ftOjE?LaAiji 

s«t8*fctt»^aAii»«ii6a<*i*»*i=i** ma 

A»:«M£fcl*«*aA*ti£Ji*K(t-*"l=, 3*3fc]f A<IE 

a. a AfHstJi * fc a A«ia ji s«Ha * *ja t-r * 

" itfw^aA^soi^ft^i&it^T^iv, 
j£ttaA»a»fcj:tf«*j£A(irafcJii±* **t**ii=e 

[0082] I cfe tf#m*ft ni±. % 

^ S t O t T* * 5 JEftaAltta&Ji *JMafciE3.a 

[0 0 8 3] -75. ftSgfJHOSo-ftlil I*. jEttaAIS 

[0 0 8 4] **\ ftfSHSOS^ft I . *S^ftll£S£ 
5feJIIcm^ii D -|COl'>Taa0.S-r-S„ COHo-fS^Jf (= 
I±«!Og3fc14ftM£«fflLTt J:t,V> CO<fc-3fc®5fc1± 
ftKArLTI*. CH^Il #MHS6 3-2 6 46 9 2-§-^' 
*l=«S*4iri^**3<fft^*» 0U*.f;t#Jlf§ftfe 
St. ^-?y>. 3^-7 y K>. ;u^l>. x^'jyu^fe - 

-So 0O*.li. f h77i-J^vi>, T> h^-tr 
>< 'Oji/X ^p^x i 2-v$ o/<yy >gS9S 
ft. h'jx is-*;*) J =z> h) t;us-0AHcd*« 
gftft-efc-So coj^&S&ttftHoi^rSti. ftlfc 

, *f£Ll\, £©J:5fcfb***afiSWLT«ln-*-*C 
[0 0 8 5] *fc. SSftJUcl*. -M^KlS^x^^v 

— j&<$***i-cut*»J:l*o zro.fc-p'Ef^x^^v— t 

LTI*. -^^;H§<*^ ;L^L>. v7i-MV< 
=mTS.>m*mift>4xZo CO£5£:? 
x>5^-roit*fil*. ftSSBJOS^ft | S ±ts^ftll 
Ol O^E^yoJUTir-T-SCtA^^LlV 

[0086] *5£maw-&#- 1 . *s £-ft 1 1 &§£nmi~ 
jEftaA^jHJifc«fei;® : f : aA$iijiiJiic 

ft. 0IJ*.l£. ^HBS6 3-2 95 6 9 5-SH*fg, 

2-1 9 1 6 9 4-S§-^$g. f$M¥3-7 9 2-§-^$gl||Z 



JEftaAfHiMJilcl*. 3?»SI=^T5>, tK5 
Afl</^/— ;HS»ft. h'JT»/-^»» 
ft, -f S *V-JUB*ft. 7S/i**t«t*ti?7 
*/-;u»»ft**ffl^*ci:*«-cSF. VT&AN. 

ifo*«&g*sfts&asft. **-y-s?T^-;n»»ft» e 
'JS5>Rt#. eyss?>B»ft, *yj>«»ft, * 
./ *-y- y >gta»ft. »7i=^ >§&&ft. ^uu> 

[0 0 8 7] COI5?bv jE?L&A1t&JII=f*. *JSSi© 
a^fti, *S-irftii. SHrftin^/B^-Sc^ir-i* 
-S. jEfl.aA«ia»*aiJfc»lt*Cli:«:<. fl* 

s ^iEfta Agists i **a-s m t •? z> z. t * » * u i\ 

[O 0 8 8] jEfl.aA»a»*iE?LaAJlA:iE?Wfta6H 
■So CCD A:*. US ( I TO?) «j^6-f*Mb7KT-> 

■***l»cc4:4«-e#«. *^<b-r***, ^ 

■ i=^*>fb7KT->*>-wuj&<'hS < . RTa»(=«iR** 
o<i:a^f^b•&ft^fflt^r^.. ^tft^o^mmt^w^nsL 

[0089] w^-aAisiiiiJB^mTaAJitfi^itsiB 
i(=»itr»Ji-r m^aA«i2!Jifl§aMb^ft 

-So ^<Dk£. «Ea«3^&« : F-il«i*a)ffl<o**t^* 

MIC o l*«?a Alft&JI ^2JleJ.Jiig(t^«i:^tl^ 

[0090] ftsesjros^ft i . ftMfrftn* * 
•aft 1 1 1 *jEftaA*a&*l=m**»*l::"3l*T&8B-r 
-S= z<r>m-£. jETLaA«.36*l=l*. iMELfc*3*iE 
TLaA*a*f»*«fffl-*-.*C4:jB«tf**. *'fc, C©* 
3<EjEfl.aA«ia3|*»*fflt^=iETLaA«l3S6Jii:«Jf-r 

szifets. #l=$f*Lt^coli. mmmmiz&few 

0!}a*ft«ffll^flt^]E?LaAliaA*iVrtL. *&l= 
mrfS Lfc J: 5 <ttt€03Efl.ajMta#Jl»*fflt*fclS=3Efl. 

aAinaiJi*aJi-r*ci:-c*«. c©j:3<c»JfLfc 
«*t-r*cti=«fey, jEfl.aAKJS«HB*<raiL*T- 
t LToa^iRi-t-r-So itowiis 

^b-rs>. 



(11) 
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[00 91] «»«jai=3SI+:6S— JEflJtAUSS 

(TPD) *«>3f»J6=«T's><Cif36«»*LL^ CCD 
T->S'-WI'4tfl«&&«fr. *»B© 

a*#*asiB«-r * = 1 1= J: or»* l i^t^i 

-5 c: <t £ -5 fr& "c fc -5 c 
[0 0 9 2] #|g0.ScoS£H*f4, -fa-XbTK-r-i/i'-wu 

I P C0f6*HiA<4.. 8~5. 4eVS£, S^HSl^E a 
C0ffi**fit]b< 1 . 8~3. 0eVfigC04,C0T?fc-i>o 
[0 0 9 3] *BB©B^*£jEfl.aABBBI=Bl** 
BjKBKBlitBJfcttttBI*. BBLfeJ:3l=J: 

IS. BBLfc**BI=a3l»-C*BE©B*i* i. #b* 

fitfj:^. Zff),»:5^ii:Lri*. MM (8-* 

<, £(DJ:5ft»3feB(4B^aAB3IB*»to*B*a 
AB3I- »3fcH-T?*oT4iJ:L\, *»B<dM*# 

*E7L&ABBBi=Bi.t«B£ ; . »3teBi=**»B0!>B 

aAMBB 1= ttBEa>B*aABB*f » S B I* * c i # 

*©fl&©««i=oi\n* < *»B©a^i**» 
at 6 1 = ffl t ■> -5 *§ <t « -e fe $ o 

[0 0 9 4] St5fcJfC0J?£, IE*LaAB2IBC0J5£fc«fc 

i;«*aAii3iJia>»*i4i*i=i»s**ir. »fiK*a»= 

•fcoTfcSfcS^, IJBMSfcy, SIS, 1-IOOOnm 
SJg, ^l=8~200nmfr-5C4:3b<Jff*H.^ 

[0095] jE?taABBBa>»* fc^ixB^aABB 

Jf<DJ?£l4, »«* -BfcBBOHtHcJ:*^ »*B 
<D»*tiae**L<l4l / I 0-1 0Be*f*-*U* 
<fcl\, L < I4IE?ICD, «-*COaAB<b*flK£B£# 

l**B^I** SEASI4 1 nmiy._t, BBBI4 2 Onm£Lt£ 
r«<DA<»*LL\ cmttidAI. fslj^S<DJ¥$CD 
±EI4, 3ft, JtAST-1 OOnmigJg, MSIt 1 0 0 
Onm^S-Cfc^). C0*3&HVI=OltTfdC-&AIKS 
B*2BBIt. »-fcJ:tf»=aA.lliSJii-#-**** 

[0 0 9 6] B^fc-eaBSteB-PB^-aABB 

BBr**B**saf=»tt-r*^i*«wtt-c*y. a 
aeostt^ HBsa>TBB»i=j:*»3feBB • nut 
Y>jw>nm*>* BBaBBaBoBBSWBK-c 

[o o 9 7]-*ftm=&ivc. B^aABBteib*** 
jEfl.aA»attft$«jt««fflr*»*. «fcyjMW»i= 
14, •*^-5£A«iait<b****^-r*/itjE?iaAiii3S 



ABBtt<b*ttfc©<<;i-Xt#T->*>-WM pfl)itL 
< l4BTflfa2>E a COM, Sfcl4C+Lt>C0iS#C0MI4 
O. 2eV&L±T*&Z>Z.biMt?£Ll\ 
[0 0 9 8] Cft&W-fb^H^vS© i pi, EaiJ± 
ESSB .b-r^C^lZcto-C, B?aABBB t IE7Li£A 
<t<D*a£r-t±0>J;5lc, B^aABBttfl:**^ 
*-T*»i:iETLaEAttft:*«l*-a-*r*Jia>i^U^- 
#B <U*JI0 3&<S@-fb$*tT, JHBlcJSItS^Hr'JT 

Sfc** y rcoaAi4«fc ygc y iz< <&.i>co-e, #jf 

©*«<b^A^> — S?*SI?I=< <&y, 7S 

bmmw^»**«wc, y T^>afiT-©*s*-f > 

< fc-Sfc* SSlcfclt-S+^yT^n-y+i/^* 

[0 0 9 9] ±EI=fcl^T, B-T-aABSttfl:^*** 
**«Bfc«fctfiEftaABBttfl:*tt****-*B0>(.* 

^aAnattfl:*** ^*-r z>m<r>&u < t 1 1 m tiE 
rpi-e-hi5P^^jSfc-i±i4«kL , '3!)<, * ui&awftjimjs'e 

[oioo] jETLSAMiaJI &*?£Alfe3 ■ * 

eic, *^aA«l3a614fl:*****-r*Jii:iETiaAlir 

±ih#ji tfl>t?aAiattft*i t jEaaAnattft 

fiit©lp8. EaM^-bISffiHt-r^Ci:A<»^L 

[oioi] «tuifi»LfcJira*» ^ic«ji«^e-ei*, 
ALB icfc it s * y t ^ p v * > Vxh&tfnM tstiv-t 

[0 10 2] *t,lcl4, JifBCOaB«J5El4, *%BG>S 

#»*B-*-r*jE?LftA«ia«*»-jE?LaAii3aiBt 

Lfcii^(c^^-r^Zi:A<»^L<, B(*MI=li» CCD 
B-iEfl.i£AmSB±l=. ±E©jEfl.aAIHaitt<b*» 

***-r*B*«jttfB-ifl.aA«ia6B*i ltis 

it, S&l=c©±l=«BLT±E©«*-aA»i£ttft:-& 
[0 103] ZC04: ; 5'tClS)5gt-r'5Ci:(-ct-Dr, Jtffi 

lbx!i*£« 3 So 
[0 10 4] ±l2lcfc(+€>mT-aA^tt'fb-&^l4, 
E<D«?-aAlwa*t»fl!)ft*^&, SfeXTLSAMtiStt 
Ib^lfett. BE«)iEfl.aAliIslW»a)«:^&B«LT 
B C<b a?fc, «^I=J:-3TI4*BB0!>B 
*fti»6l«bTffl^T*J:l\ 4 6(=, B^aABS 
tt<b-&.tt, EB.aABattft**ili«-«riafl!)*-Bt^r 



(12) 



7-1 26616 



(2) 
(3) 



[0 10 5] ±E=&Jllcfc^T. IT-aAISStt 

[0 1 0 6] ±EcD#(D&7b''T: ; i. l^ftfrrtJbffifEH 
l=**tl*J:t^ »J=l*Bi3&«>**«.tKttHI=fc«Ci: 

[0 1 0 7] C<Di:#<D^<D±|5HiS|-|i#l=$lJKIi'tt^ 

atns-c*y, ±E©«i*t>-r#i*o. 2~i 

[0 10 8] ±EI=*Jt^Tfflt^-5iE?iaAiil2lttSI4» 
— lftl=-f^->-lb7K-T>S/-V-»H p 0>$&*Mt7b< 5 . 4eVJil 

(*4:fl!)tt**-CfflL*4»*l*W(=C©fila)*fl!>-eft*C 
fc*<8*Ul\ ^©fll«)TI8(=li1*l=«aiBI*«:t^ 21 

(D h'u(8-tyy/5»7*s-w n, 

1. 

\-n(8-v<)/7\-)7^i-% i, 
h'jx(8-tyijy5W7*uw n, 
1. 

(4) Mu(8-*/'jmmuw n, 

1, 

[0 114] *«Bll=fcl*TI*s S^aAiSttit^^ 

t jEjtaAHSttfl:** t <D;M-£Va zsttzm-sm * 

[0 1 1 5] C0>£:#, SB«»r=l**-V , J7©*-yei/ 
?&m'<*tfX- £ 3 C £ iz £ 05 t?, =g.* ^ ij 7 

aA*3&ttHH**£, *fe«?HOT&AliaLttil{t* 

**»t4 = i:c&y. ata>jE«©**yTaAi*sc: 

[0 116] ±E<DS*Jil*. j6*I-C*«Zi4»»* 
L < , «^aAlft3£ttfl:^*te«ktfjE?Li£AIII3ltt<t* 

[0 117] ±E«>B«JII=£tt««?aXtftStt{l:6 

*tjEfl.aA»attft**toa*iti*, *-v , j7 , <d» 

SSifcT% W^aAHJSttfl:** : IE 
A.? - iAlalEl14'(b-S-!fel^6 0 : 4 0~4 0 : 601?fc5C 
ttiW&LK. 1*1=1*5 0 : 5 0a«-Cfe*Ct36«»* 
Ll\, 

[0118] z©jB*i=«-r-*«*aA«attft** 



£l*4. 8eVSgT?fcy, CO>ffil*4. 8-5. 4 eVtf> 

[0 10 9] *fc, 3EAaAltaWW®« ; MWBia E a 
©Iftjtfttttl. 8~3. 0eVeS-efe*_CA:3&<»*U 

[Ol 1 0] C*U=*TU IE?LaA«l3l*tfitttl=ffl 

I p ©itfifcHi** 5 . 4~6. 5eV0>®H. B?-a»*E 
a <D$fe*t fiSA< 2 . 5~3. SeVOTffiB^fc&ttfDfrbg 

[Oi l 1] 1#i=. JbE©«j*i=J3i*T«^-aAlftB£*r 

>->-WU P©$6*ffitl*a^5. 6~5. 7eVm&X*& 
y, «TSIP*E a<DS|&*HII*2. 9~3. OeVgJSt? 

[oi i 2] ±bi=£i*t. w*Li*jEaaAit3S#» 

[0 113] 

jE?L&AW«a£*ffl 

y 7i-Jl>- 



N' -t 

r-t 
r-t 

N'-t 

r-t 

N'-t 

r-t 



XGn-^fJUi-M-N, N' 

x(4->* -p-mjws^i-jO ->iD^> 

X(p-t-r fJPi-W-N, N' -v 
7iZ*-4. 4' ->' 7s> 
X(p-n-7* fWi-W-N, N' ->' 7i-Jt- 
7i-Jlr-4, 4'-/7;> 

I*, miG>W*&*M2k#no>1XlrtfiS>* *fcjEfl.J£A 
*ai1S<b**fi, WE©jEfl.aA*29**4«>fcfr* S>® 

izfc^r, KaAKiattft^*, 3Efl.aA«ija6ttft* 

1 @<O^ffll^T : fc2aja±£0ffflL.T : fc«l:l\, 

[0119] ±eaa*ji(=ffli*£xft£Aift&tr9 | i& 

B-?-aA$a36*t«it©-f^->'(b7K J r>*>^;n p<DMt. 
L<BB : fa»*Ea©S, ^fclctC^t,M#CDMlis 
0. 2eVJiL±-<?fc- 0 5C<b*<*?3:L.l\, 
[oi 20] *ffi^i£a> I pi, e aS$±EiB<bt 

Settlor. 5fel-ieE'<fc^r-\' , JT(D^P^^>y^l 
[0121] ±ECDM<D^CA^■C- ; t. l^-ftifrtf.LGKH 



(13) 



#P¥7-1 266 16 



#1*1 p<Dm<±mmm^&>$>zitii>m3iL^zt. z 

£,(=1*1 pfc^T/E a<D^0>±SHlfe-5lM* I p*5J:tf 
E a O^ffl. ^fc«^-aAfi5ll^i: LT K 'J X (8 

L tx C t *>m m? Z> iE?La ANtittt *4 1 1? aAfSSitt 

■So 

[0 1 22] ##tfj8lcfcl*-C. -ti2<Dota>oCj&&Jl£l& 

mixmmmtorsiz. &&&&& ai= L-cisits c * 

^tt-fb^ifeli:iEaaA$IIi2l1±ft^*«i: ^ffl^T Btf Lfc 

-iEfl.;-£A«i5IJB-tl=. *~iE?LaA^Jl t LTtSB 
[0 12 3] S^JfCDffiM£75ji<h LXlt. m^s 

-5. 

[0124] ±E©s^»i=te^ri*, w<b***«si- 

I- ■S-t L t ^ Jg-&(= J: o T ttfc^tt £ 

TZ>^ki>W£ L<* ^#lttlc[*i ~8 5nm±:t- 5-.b 
#$?^L<. £S>|C[£5~6 Onnu ^Icl* 5 ~ 5 O nm.h 
1" -5 d LI, \, ;1^JH*. KIT-* l^ttf 

3Wt8Mb^Jf0-^£^&C,fc7b<*?£L<, *«Hb* 

[0 12 5] **W(=*5lt«-f ^MbTK-r^S/-^^ I P 
It. &m* 1 2 3 (1 9 8 5) 

«)IH«l=S£5ffix*;mf— m^JfeSS r Model AC-1 

J OaWtHMU *fl!l\ 1 0~2 0 OnmJSOHb^l 

15 ^ X ft if <J)±.\~ L fc^ > £ Sffl L T L 
filT?fc-5o 

[o i 2 6] JtlEcDtex*;^— S^Tt^Sli. m2 

[01 27] g] 2 1= cfc a I-. #**B 1 o li, ft* 
^7>^i i s ^y->p^— 5» i 2. fii*;^-!^ 

ttsasa i 2, «i«pse«.i 4. sssa^ge 

1 sfcitfx-Y^T-vi 6 icj; vm&tsti. X-Y 

So 

[0 12 8] Sgn^^>^1 1 ICttS7K*7>^^ffl 

2 o o~3 6 onma>ffita>;£:gi-#7fcu +t>:t\/us« 



SlcBBJtf-^S. 2 0 0~3 6 0nm<D7felot, E = h V = h 
(c/A) (E : X*;i^— , h : T^V-f^JS. V : 

Sttft, A : jgfi) a)x££m*Tx:jwu*— lz&3f-f S 

^..#^6. 2~3. 4eVtft5<, COjt^iEiex^U 
Jf— ff)i£Lx73 t> (= A** o T X -f — ^ L T < 

ItfeS. COT£5l-LTftab£*tfc7cS^£«x*;u 
*-«^H*«1t (tttUS) 1 3£ffll%TitSU /<*;/ 

<D;H#£LfcSL H3(=«r«k5<cajex^mf— ■ fit 

[oi 29] «*wtti=«rj:5i=, ^(03tm^S5ctbm 

( Count Per Second : CPS ) tSh&^^-J^'f— (eV) 

(ommt* m^t^n^-wimm<Dn§k (cps) n t 

So 

[0 13 0] ftfcflJ^^Sl 41*. i^P>- S" 1 2 
[0131] fi£oT. *f|B^TI*. @3*xt,f#b+t-57t 

«6<)tt«MSSt$'r5i->-(b7K7 i >v'A';n pit*. 

[0 13 2] ^B^lzfcltSa^^O^lE aft, 

7j-^M7j^*x%aiJ^Lf=t»-efcy. (uv) gs 

t*W:4,©1?feli. 

[0133] *sbjt*i±. ;u^u>**a^b^r!teiJlic h* 

[0134] K— ^l4*«ft$*«±*l=fiorJ:<, 

»^l<i*. jETiaAiiajii^Mfr* ©36**1*. *a 

roifi®. «?btfjE?Li£AII.3aiJi©*«fl:*«B»t«>aH!* 
^ffilc;i,^ U>A<#^"T -5 Ct A<»S LCxi: t>^t -5 
<73r-i^t*LtiE?LaAli^M^:Ja<b-r-5i2^l*'oC<. 3E 
*L2£AI>JjMJg<D, c*i.lz}frSfl7tB (STaAftijSIJi 
*3Kfc*»*t.^«?. ) . 4, L < lim^tAKl^H (IE 

LT%«feLx*<. ji)»l±iE7L5±A$oiB6B^lSEt-r-5. * 

fc. s^icot^tii, jEfl.aA»aiJi±**fci*jEfl.a 

A^jUSO). C^.lcS-r-5^7tS ; 5L<lot«^AI»l51 
4. ^TfeJlt- L < (iS^aAli^JlcD 
IE?LjiAlil3tBfi)J*»<D|I^i:-rSci:tr-#i)o « 

IEfl.5£A«.»Ji±l=» h*— ^LfcJB^jETLlS 

AM3MB S C i: * L l\ 
[0 13 5] )\,7U><» K— t 0 >->*Sglot. 



(14) 



1 2 6 6 1 6 



<, K— Ztm±mz*iLO. 1 ~5 OwtX b*&z.£1fi 
jfiFSL<. £t>lci4o. 1 ~3 OwtH . 4#(cf40. l~ 
2 0wt% k?Z>^tt>W£Ll\ 
[0 13 6] HUaiE<Dcfc -5(-. *§£Wlz&l^X. *f * L < 

Jl A: IT AfUStt-fb^rtl * lt*-f 

J* 91 ic js It -5 * -v U T ? p v * > ^3tt* jWS £ y , «tt 

fcy, *ty7WS*ffi«*»***-e, 4htU7«>b 

l=A^u>SK— ^-J - **^ ;u:?u>i4/WtK— ; 5— 
fc$iizttt£ : frL.-cfcys )\,-y\sis-z*>*r* 'jmm&tf 

(44>fc<fc-So $iblz;u^U>A<#-\r'JTS^-a- 

;u*-fMttjWe c y »■ lEft^ws^a^fc < fc y . 
ttS. S£Lm*<f6*i. JM&jfftMflciRl-fc.-*-*. 
[0 13 7] *3tBJ-ei4, SJftttl&lSA: Lt^^U>$ 

[0138] *mwi~&i^x. phk-i4, i±mmm.<D^ 

Zl^ttU. 0>J*.I4. Li. N a, Mgs A!, Ag, I 

n -St, eft ^tfn afcLh£-£;fc-a-&£ffli^c,»:3b< 
JffSL-lV, &«l4l6amtflBfrl*Ci:tf»*L 
<, T^;U7 7X#<iT'fc£>C Artful; Ll\, ME 

*!<£>J5£I41 0~1 O OOnm^UgArT&C A:A<$?£L, 

[0 13 9] EL#V?-$BMS3te*1**fcftl=l*. '>fc< 
A: t - * 0>SS#SBj§ fc I n L ¥a« T* -£ y , 

±ELfcJ:3l=BFBa>»«-'»=l*1MIB3ft«*4fl!>"C. L 
< li^jt^roSiS*** 8 0 % W-t A: fc -5 <fc 3 lcR§@CDW 
ftfcJ:OfI»**»S-r*CtA<»*Ll^ Jl(*ttl=f4, 
0!l7lt4\ ITO, Sn02, Ni, A u, Pt< Pd, 

K— b£ K— ^Lfc^'J tfn— ;ufc<t**ffiffil=fflL^ 
£>C Ar^W^Ll*., PH1<E>J*£I41 0~5 0 0nm 

sgA:-f •scA:a<*?£L.i\ > *^-a>«*ttsra± 

l^t<Dt Lt 1 0~3 OQ/D© I TOA^If P>ix-5o 
[oi 4 0] ara#**i=1*i=iWllRi4fci*j&<, H*0ijr*i* 

— §Hf>it«»Sl*«*fflt^-C»*fe*3> hP- ;ult 

[0141] fcfc\ i«t^ai*#«*ffli.^**i: 

[0 14 2] 3)C*B^a)7KU^^-7xl/$ffiL>fcE 



[OI 4 3] &«fej:tf»&f*« jR*a6-*»X/<v*a* 

[O 1 4 4] jEHJS&MMM* «*JffeJ:tf«*aAJI 

a**»£ffll.**cij&«»*Ll\, -W:<ty, 1-10 

A:*<T-#-5<D-C?, «*ft(DftBI*ft^lf«JlJH=**«l* 
©«TSI» CCA: Kffi3S»&*fi!l*fc»^ 

T^^^T-^ttn^fciieatte^o. i Km isit©* 

RfcJ»«A«#&*v*. tt«tt«*«0. 1 Km fSxtU 
fc**tfcy» *?-«>Mtt«EE**< Lfc 

i+*u*fc&fc<fcy, «it(oaA}a* ; fe»^L<igT-r 

€». fcfc, ±f2(0ilSIISg(DTI&l::l4^ICfrJRll4fcl,* 
tfi* m&O. 001 //mSST'feS. 
[0 14 5] J|ffiJK»Oftfrl*1*l=IBS*4ittt^ 1 
0~5Torr (1 0-3p a ) KTFWX^gA: U IS»j1£I4 
0. 1.~1nm/sec aiitSCtitffSLO. ffc. 

eitE$ « < * 5 c t # -5, 

[0 1.4 6] C;ft.£&Ji<Z>^j£l-K£al*2;£ffl^3*§ 

•gricfci^-c. i «i=tt*©fc*»****-a-*»** <b 
[o i 4 7] *mw<DW-&&zmm-? w^l<i4 

5~40, ££>I-*?3:L< 145-2 OCD^y^— 

fcorjs*a?*t*. *»**i.fc^*^iE<t**B-c* 

■SCt 14, ffcrtffiMx;*'*? (IR), i^P7 h 

[oi 4 8] *^b^(oel^i4, a*. m.zammm(D 

K|-r-5CA:tT-#-5>„ EPJnflfftt, aflt. 2~20VfS 
JgAr^tL-5,, 
[0 1 4 9] 

[3gj£ff"j] kit, *%wo>mi*mmmm&itvtmtk*, 

ic^Ls *HB^^^t»lc|$j|ffllzUiB^-r^ 0 

[0 15 0] <SJS0IJ1 >m£ 1 0 OnmCO I TOgit 
«. (»«) $*t5*7^«ffi^ +tt3fc#J, T-fe h 

^LT, 1 xl 0" fi Torr (1. 3 x 1 0"4p a ) 

[0151] *L^t\ 11:1 2©i^ftin - i WU 

(^^7x>-2, 5-i?-T;U) ] £^*3IgO. 2nm 
/sec-l?3 0nm<7)Jl^(C^*L, iETLJtAii^Jgi: Lfc. 



(15) 
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[0 1 5 2] Xl^Tu *EEtt»*«ofc**. HJX 
(8-*-/'J/^h) 2nm 

/sec-C5 0nma)fl[*lC*3»Lr. B^Afal^Ji £3fEfa 

tzmitmt Ltc 0 
[0 15 3] 2=t>|C. Ml±ttll^«ofc^$. MgAg 
(SSJtl 0:1) 2 nm/secT* 2 0 O nm 

0>»*l=**LTMi:U ELf^SSfco 

[0154] u<DE Lm^-icmjE^manL-cmsssssL 

7 V % 1 O 0mA/cm2-e5 O Ocd/m2 Oflfi 
(*3fe«*afcfiAmax = 5 O 1 nm) <D383fc**5iSS*U 
^«)J6*tttt»a**I«*T?3 0 0 OB*|BJfil±£ffiL 

fee 

[0 1 5 5] <HJ£#J2 >J5£ 1 0 0nm(D I TOlP^f 

a OH) **rr**f5x*«*. T-fe h 

Lts 1 xl 0-6Torr (1. 3x1 0~4Pa) ^T?3tl± 

[0156]«l^ ft8©I§#l-1 (ft 
T7 x >- 2 , 4-v-OU) ] 2nm/sect? 
3 Onm(D»*l=IS»L. jE?L£Alft3JI & Lfco 
[0 15 7]^t% MEtt^^iSofc*^, hUX 
{8-*/ U J=? h) 2nm 
/sec-C5 0nmO!>«*lz5ll»Lr. *?&Alta*JI£aKfe 

[0 1 5 8] StllttffiSftofc**. Mg Ag 

(SSitl 0:1) £^^&£0. 2 nm/sec-e 2 0 0 nm 

[0 15 9] Z<OB L*^lc«a*H]3SnLT«SlE*SltL 
8V . 1 O 0mA/cm2-^8 O 0cd/m2 CDHifife 
(*aca*a*Amax = 5 0 0nm) <D*3feA<«tE* *U 

co>*#iite«B**Bft*-C3 0 o cmiwa-tffiSL 

fee 

[0 1 6 0] <HJ£0tJ3>J5£ 1 O OnmCD I TOgBM 

a (M) ^sts^xss^ 7th 

^Lt, 1 x 1 0"6Torr (1 . 3x1 0~4Pa) ^tfMEE 
Lfco 

[0161] ftl 2 0)ltl*lll -1 [tKU 

(^^-^ x>-2, 5-v-f;U) ] £l Onm<DJ?£fC|& 

tu *-jEfl.aA«iajffcLfc. 
[oi 6 2] #a^. n, n ' - tfx (m->^;u:7 x 

— AO -N, N ' -y7i-;i/-1, 1 ' -t'7i-^ 
-4, 4' -v7 5> (TPD-1) £5 0nm<&«£lZ 

[0 16 3] «EEtt®*«ofc**.* MJX 

(8-*/ 'jy ^ h) 7;U5x^ix**»iSjeO. 2nm 



/secT*5 Onm(DJ?£ [ZmMLX^ «^-&AI*3l " 5§3fcJf 
4: Lfr e 

[0 16 4] £t>|C. *EttI8£«ofc*** MgAg 
(Sfiitl 0:1) ^^tS^KO. 2nm/sec7?2 O Onm 

a>J»Slz**LTMi:'U EL*^-*»;fc 0 
[0 16 5] C<DE L^TlC®JE$-fflJ!lPLTaSt$-/^tL 
7 V % 1 O 0mA/cm2tr 3 O O 0cd/m2 <Z>Hif§ 

ft (*3fca*5fifiAmax =5 0 0nm) 0)*5lcA<ltffia? 

# * -fr fc £ c % H (DM* * *3IE 'J — £ l*j£ c tt* o 

[O 1 6 6] <HSS^lj4>HJg^Jl Izj3iv<\ h'JX 
(8-^y'jy^h) 7;i/?-')A(D*fti(Dli3W:, 

■^aAitawmt LTm-e^ [2- u-^;u? 

x-;U) -1, 3, 4-t*^v7 7-^] ^>4f>$ 

<djs£i*i onm«b u «*aA»ajii***Jifcia«i= 

[0 16 7] Z0)J:5«?:**l=te^"C*, Sttffll fcCT 

[0 1 6 8] <*t«0U 1 >J5£ 1 OOnmO) i T O^PJB 
a CM) S*t«*7X»SSs *tttt»L T-tr h 

£LT. 1 x 1 0~6Torr (1 . 3x1 0"4p a ) S^aXilE 

[0 16 9] N, N ' -tfx (m->^;i^x 

-;U) -N, N ' -y7i-;i/-1, 1' -fcf^x^JI/ 
-4, 4' -i/75> (TPD-1) ^50nm<Di¥$(C 

[O 1 7 O] 3fclvC. *JE«tt*ffofc**. h'JX 
(S-^y'jy^h) 7i^-^AJIfM0. 2nm 

/sec-C'5 0raaff£f=S»LT. S^AttiH • «3feS 

tit:. 

[0171] * «JEttJB*fi:ofc*S. MgAg 

(Sfittl 0:1) ^^^3ljgO. 2nm/sect2 0 0nm 
0)»*(=3R* LXmmt Ls E L*^^#fco 

[0 17 2] Z(DE L*T-f-«JE*EPiPLT«3S*3KL 
fetC5, 18V. 1 O OmA/cm2T?2 5 O Ocd/m2 (DH 
S^fe (»ita*iftfiAmax = 5 O 5 nm) (D*5t*<5tB* 
*l. C<D*36ttttJ»a*#H«*-ei OOftBlfCT, as 

*?iH*4l Offl)***«**tfei:u5, 300 

B#r B i^trici o{@(D*^-r^T^m^ i J— ^'sec l. 

*«*WS<D«T36«fi - o fee 
[0 1 7 3] <H5£#J5 >J5£ 1 O Onm<D I TOSB^l 

a (M) **t«*7^i«$, *ttft*. 7-t h 



(16) 
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M^y-l:lgLt, K£ffl£l xl 0"6 To rr 

( 1 . 3xl 0"4p a ) £-C^EE Lfco 

[O 1 7 4] *"*\ <b1 2C!>«**IH -1 [#U 
^-^x>-2, 5-v-T;U) ] 5IfMI!lO. 1 nm/s 
ec-e&ll Onm<D«*ltai*U S"iE?L?^AfSl3ljS<t L 

fee 

[0 1 7 5] #a^, 1 , 1 ' -fcfX (4-SJ-p- h 

~0. 2nm/sec-C*?J5'Onm(©fl[S«c3R*L, »-jE?U£ 

[0 17 61*61:, mi±^m^%^tz^. MJX 
(8-^r/U/7h) 7^S-^AJISM0. 1~ 
O. 2nm/sec-C:^5 Onm^I^Clf U B^Afi^ 
■ ftiftmt Ltz 0 

[0 17 7] SbfC 3£i±4£jS£#ofc3:£. MgAg 
(M±t1 0:1) SIfMO. 2nm/secT?ft2 0 0 

[0 17 8] C(75E L*T(3iagiE«J±SRPJiPL. 
igTl 0mA/cm2<^--Sm3tSS"e2gllSitl*i±/--o *0 
^(Ztt7. OV . 3 0 0cd/m2 0>Jt«fc& 
Amax = 5 0 0nm) <0»3fc*<ltBS*Lfco SSO^Bl 

M(±2 4B#ra^ -to>Hia)Eiii«Ea>±»tt2. ivf 

[0 1 7 9] <Jt««2>J¥S 1 0 OnmCD I TO^0J« 

»x*y-;i,4i*&5l#±lfT««U IfgKOlffi 

7^>iU^— |C@^LT. 1 xl 0"6Torr (1. 3 x 1 0"4 

Pa) £-CttELfc. 
[0 1 8 0] 1, 1 ' -t*X (4-v-p-h'J 

;i/7S> 7* =.){,) PA+ij->JifISO. 2nm 

/secT!5 0nmG)W£(z3K*U lEftiiAfBl&Jf £ Lfcc 
[0 1 8 1] *l*T% MEttB^^ofc**. h'JX 
(8 'jy ^ h) 7JU£-OA£^S5lJgO. 2 nm 

/secT-5 0nm<DJ?$lz|6«LT. *?-5AMtiat • »3fcJf 

tLfc, 

[0 1 8 2] * fed. ^BE«^$-«of-S^. MgAg 
(SSJ±1 0:1) JIfMO. 2 nm/secT? 2 O 0 nm 
<D»*lC«»LT*BfcU *«EL***»fc. 

[oi 8 3] rtDE L*^lcitgK«ff*HiiPL. 

ffl^Tl OmA/cm2(D--^^gtSST*]a^liii)*^fco tD 
»3lzl*. 8. 5V % 3 6 0cd/m2 ©SSJftfe (3B*ffi*a£ 
gAmax = 5 0 0nm) <0*3te*<5tB£*Lfc o 3 ^IB«K 

itmmmi±tfi 1. sv i=±#u i 9B$H&(=i4t&* 

[0 1 8 4] <ggl£0l6 >J5* 2 0 Onm<7> I T 
S (»&) S*t5*7XSS^ *tt3fe*k 7-te K 



ii^y — ;u**>6§i#±(f rft«Lr u v/o 3 jft;* 

f$1 x 1 0-4paJ5lT*^*ELfc. 

[0 18 5] ft12©l^»lll -1 

*:7x>-2, S-ix-OU) ] *3K*5Sfi»0. 1 nm/s 
ec-C«2 OnfnO)J»*(=jR»L. »-]E?LaA«ia»fc L 

fee 

[oi 8 6] #1^. Xffi«£:fcftTi::MU WTfn& 

«*1 x 1 0-4PaJ2iT*"T?*ffiLfc*. N f N' - t£ X 
(m->^;U^x-;U) — N , N ' -v7i^l/-1, 
1 ' -t*^x -;U-4, 4' -v7S> (TPD-1) 
£^5t58 Jg 0 . 1 - 0 . 2 nm/sec 5 5 nm<D JS £ fc^ 

[O 1 8 7] * *K«ffi*«ofc*** h'JX 

(8-+>"jy7h) 7;^-W?ifMo. i~ 

0. 2nm/sec-C^5 O nm(DJ5£ lc3S# U «TJSAIfca6 

[0 18 8] ££>|C % aj±«88*(*ofc**. MgAg 
(Mfiitl O : 1 ) ^IfSIO. 2nm/sec-e^j2 O O 

[0 1 8 9] C©EL*^fClt3fEKJE*WJPL. 

OmA/cm20> — SWSttffifi^JtttElSaFli-fco *0 
SI(Cli5. 6V s 2 1 0cd/m2 (Dfiftfe 
Amax =5 0 0nm) 0)*3t*<aB**tfco »£<D¥»B# 

[0 1 9 0] <HJSfflj7>HJ6^j6lcfcl>T. m-iEfl. 
aAttffaiJBS»3 5nniJ»fC»^Lfc(D%.. ££>lcMJ±tfc 

•A£(aK|^i:J5*3Sfi (0. I-O. 2 nm/sec) T**^ 
fit, ;l^jf £ift4 0nm(DJ5£lz^;£L*z o COB* 

[oi9i]*fl)t, HJS^Je h'jx (8- 

^r/'J/^h) T;bS-^A^ffil^T^3 Onm(Dl¥$(0 

[0 1 9 2] 6 t fRl4§(c!£!Jg#lSSlT 1 0'mA/cm2 

0)-36«SKB«T?il«B»*-frfc. tDffllcr*. 6. 9V 
. 2 8 0cd/m2 (^H^fe ( j63teS*aifi A max = 5 O 

snm) omitwmistitza mm<D*ffi.£fmi* i oso 
b#Fp1t% «(Dna>uk«EEo±ita3. 2v -c*ofc 0 

[0 19 3] I^Kclt^cN, N' - t*X (m->f 
Jl? ji-JI,) -N, N ' -y7i-;i/-1, 1 ' - tf 37 
x-;U-4, 4' -v7H> (TPD-1) CO-f 7f- V-fb 



(17) 
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jfP*Ea«>if6*fflil*2. 4 0eVtJDofe„ -S, h 'J X 
(8 - + y U / 7 h) 7Jl5--)A«-ft>ft*f>-> 
v;n p <D*&*HII* 5 . 6 4eV-t?fcy, l:-T-^fP^)E a 
<Z>3fe*f fil !i 2 . 9 5 eVT? o fc, 

[0194] ■<l->it<$T>~> j r)i< i pi*, tf^xais 

±Uagft$iO«IB (3£5ijIgO. 2nm/sec) 

1 0nmi*lcffi*j&L*:1f ^^l/WJglz-^T. i£x^;u^ 

-l?MgtAC-1 <3HWtt»«) T?aiffiLr#6 

[0 19 5] Kdftlll -1 ©-f^Mb^-xl/^ 

■V )l> I p£>*&*HSte5. OeVt-feofe. 
[0 1 9 6] <H160!l8>flSfi0ij7f::S3UT, ;l-g-Jlro 

[O 1 9 7] ^-CDSKm. 6. IV. 2 8 0cd 

/m2 (Om^fe (S&5fcffi*j£:g:Amax=5 0 Onm) CDIS^ 
A<5te^*lfco S£(D¥3£B#Rgf*1 0 0 00*07?, ^-<7> 

#»*»roffl«as«fctfia*i4£<«c<. $ e>iz^-<75^t, 

[0 1 9 8] <fgJE0lj9>§gi£0lj7f=a3l\T. m^MO 

[0 19 9] *-CD$£m. *0<8I=I±, 6. 4V , 2 9 Ocd 
/m2 (Djtjffe (^5te«l^:ieSAmax=5 0 Onm) (DMift 

tmwztitzo m&<D *mmmte8 o oftrnx-. tarn 
<ommm.E.<D±mt3. ov x3b-?t=.. &tz. spa-wie 

[0 2 0 0] <HJS0IJ1 O>§lt£0lj7l=fcl^-C, J1-&S 

[020 1 ] ^-(Dlgm. 3D#H-I*, 6. OV „ 25 Ocd 
/m2 ©Higfe (^3lcffi^KSAmax= 5 0 Onm) 0>3§;fc 

*»«a**ifc. »s©^a*i«i*5o'oftinn?» ^<t>p^ 
<Dmmmm<D±mt2. ev xtb-otz. *ft, 

Sit 'J— 7li^Cbf, SS<P»3H6**Lfc. 
[0 2 0 2] HJg0i]6~ 1 OO&^frh. ;l-&J1^16lt 

[0 2 0 3]'ftfe. *««6. 7ICfc^T, 
*] £>if C:0iJS£;h.-5±sE (1) J^nro (2) ~ (4) 

IE £^Lfc«, 
[0 2 0 4] <Hi$#!l 1 1 >J*£ 2 O Onmtf) I T 

mm stt«*7xss$ ( 7-trh 



— 7Kt>!^6g|#±lfriej*LTU V/O3 zfe;# 

«£i x i o-4p a jyT^-eS)±Lfcc 

[0 205] £-r. tK'J (^^"37x>-2, 5-i?-f 
)l>) £^*$£S*?J0. 1 nm/sec-*:iS&2 Onm0>J?£|Z^# 

u w-jejl&aihsji t Lfc„ 

[0206] ^i>t?jis«^STi=MLs nt;as« 

?1 x 1 0-4paJ*lT*T?J*ELfc&. N, N* - t* X 
(m->f;b7i=W — N , N ' -V7i-A- 1 , 
1' -t'7i-*-4, 4 ' — y7 5 > (TPD— 1) 
tJUZnsls&*:tL?tlMm&&0. 1-0. 2 ran/sec. 
0. 0 1~0. 0 2nm/sect'l $ )V>%3 5 5 nm<£>/?£ |C 

[0 2 0 7] £t>lc, *E#»S«ofc**, MJ7. 

(s-^yj^^K) t;u5-^a^^*ji®o. i~ 

0 . 2 nm/secT?&J 5 0 r\mO>W- £ U a^^ASJjH 

[0 2 0 8] *e>(C. JSJEttffi^^ofc*^. MgAg 
(£lit1 0:1) £I£*jIJ£0. 2nm/sect?^2 0 0 

nm<DJ*Sl=**LTl&*£U ELff$ffc. 
[0 2 0 9] C0E Lfft^lCjSSSWE^EMnU 

I1T1 OmA/cmZw-SmSFiSftT'^lgSl^-B-fc. SJ 
5. 3V , 2 9 0cd/m2 Wlffe (SBitftifcifcft 

Amax = 5 5 Onm) O&ftfimmZ tltz. ff&O^Sftft 

IHf£2 6 0B#IBT?, ^-CDP^©HillSE(»±#l4l . 6V 

[021 o] mmmi i cD^m^t). ;u^u>^ k— zf 

[0 2 1 1 ] ntfc\ 1 ~ 1 1 IcfcLNT, IfljiA 

[0212] sfc, c:^^t»(cs■ir^*:^tt^L*m^■^*cD•< 

*>it#7->'> J r)l' I pCDf6^(itl4. 4. 8~5. 4eV 
©®Hlcfey s N, N ' -t*X (m-^f*7i-;i/) 
-N, N ' -v7i^- 1 , 1' - t'7i-;i/-4, 

4' -v7s^fctti , T -fx ( 4 - p - h U ;u 
75/7i-;i/) ~>-^ n^-y-> (i p(D$fe*ffl= 5: 
4 0eV) $**-jE*L£A»a»fflfl:£1toi-*-*lfi*1* 

[0 2 1 3] <SSE0il 1 2 >J?^ 1 O Onm<D I TOJSB^ 

;u$fflLArS^iKgfe^L. *^x^y— ;u 

SLt, 1 x 1 0-6Torr ( 1 . 3x1 0-4pa) ^X'^iE. 



(18) 



ftffi¥7--\ 2 6 6 1 6 



[021 4 ] #Jl^"C* ib 8 fflloft I — 1 WJ 
7i>-2, ] ^^SilSO. 2nm/sec-e 

3 o onmomzi-mmL. mumtLt-o 

[02 1 5] tiblZ. MEEttag££ofc££. MgAg 
(MMitl 0:1) 2 nm/secT? 2 0 0 nm 

[0216] :<oe L^(zatt^BPiPLr«3S$gitL 

fciC5. 11V. 1 OOmA/cm2T?1 0cd/m2 
(3£5fc*I;*;jKfi A max =4 8 0nm) <Df€iM)mm£il. 
Cfl5fgjfeli^g*#Sm + T-1 0 0 OKFp1W±S^L 

[O 2 1 7] <SJS#J1 3 >J?£ 1 0 Onm© I T OS?l 

mm mm) m^^xass, ^ttasu. 7th 

SLt. 1 x 1 0-6Torr ( 1 . 3x1 0~4Pa) 

[0 2 1 8] SKl^T?. fbl 0<73*S-&<*II-1 LttZ? 
x >- 2, 4-y-fA-ft7i>-2, 5-y^JI/3 
tKU^— ] £^»3l£0. 2nm/seo-r?3 Onm<DJ»^(C^ 
»U n%mt Ltzo 
[0 2 19] £t>|C. 3£l±tfc8g£#ofc££. MgAg 
(SSJtl 0 : 1) £^#jll£0. 2nm/sect*2 0 0nm 

omzizmMLTmrnt u ELi^fifc. 

[0 2 2 O] C0>E L*TC:aj±£EP3!jaLTffi3!E£3iEL 
fciC?>, 10V, 1 0 OmA/cm27? 1 0cd/m2 ©itSife 
(fl^I^jSfiAmax = 5 3 0 nm) <75^3feA<ff£^^ tt, 

c«)^i*i£^s*i?fflm*-c-i ooommv.±&%L 
[0221] fcfc, UltCiJi 2. 1 3 leaser. &%.m 

\z* JLlSS£{*fcOLftMl^f*<»fr:byi-. <b7~ft1 
^SLfctC5. HJSC1J1 2. 1 3tPl^(75Sff'S$S 
[0 2 2 2] lil-h^y, ^iS(D^'J^3i-7x>^fflCv 



[0 2 2 3] 

[0 2 2 4] ,=g£Jf £J£5fcJf ir-TStcDT?!*. SJ^<7)® 
Jt<0igTA<^C<. ^*#^A<Mi;-i)o JU7~U>£ 

at; -s. 

[H®<Df3f*fcSUPn 

[El i ] *%9ia>*ttE L*^a>mj$^J^*-rfiU®li-e 
[H12] gx^;^-i^8I0ii^^t^p ^ 



i 

2 
3 
4 
5 
6 
7 

1 O 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 



E LJft^ 



mm 

X-YXf-V 



TBI ] 



[H2] 



1 (EL^?) 



13 



-7 (f£&) 

-5 (mm 

-4 OEJL&AlftSira) 

-3 (mm 

"2 (£tg) 



/II 



14 












m 
















mi 










m 










b 



13 



10 



-15 



© B^ 
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[H3] 




[ffifflB] ¥J^6^8^ 3 OS 
[^«»JE 1 ] 

[«ttiiE2] 

[ffilEttfUlg*] 0 0 2 3 

[002 3] C{b6ICfcUT. R3*5^0 r R4l*^ ^ 

**t*««^. ar»H5«Mfc**»*fcf*aitt*i(Mfc** 

3 4 R 4 tliltMz^Lta^MLtt J;^ Xi 
— i o o-efe^o ] 

*H3&<ji^3ii*aiccfcy»«**tfc±iB (s) cdtK'jt 
(i o)'|[El^fta)5%a)'>6< it 1 1^U^t* 
jEfl.aA»aji**a< £t i jmtt*±e (s) 

14 (9) <D7$iJ ozls&mi^tzE LM^o 

(11) *&lc % «^£A«rat«*<rrS±E (8) ~ 



(1 O) <Dl^'$ t %lfr<D'\i l J Tt^x >3rffl l^tz ELi 

(12) ±E (1 ) - (1 1 ) (Dl^tlfrOtf*)?-*? 

* **-r £ e * tf«?aA»8ttft^»***t * s 
^Afn^tt^b^^ <t tu tas^a A»3aii±<b*«i £ o> -y * 

**r(4C;ft£l^#<E>^0. 2 e VJ*Lt"efc<S*°U 

(13) «TlBiETLaAlii3a6tt<b««l*d*-r*J»3&<. » 

A«ia!i±ic»jB**LT*5y. «na«^-aA«i3itt<b^ 
*i£**rr*JB*<. $&icitriBjE?LaA«iisittft'&tt* 

*#**Ji±l-«Jl**i/Cl**±E (12) CDTK'J^Th 
T7x>£JBl*fcE Lit^o 

(1 4) ±IE (1) ~ (1 3) tolvfftA^TKU^a-^ 
x >£mvfc E LffH^fcl^T. IE?L;i£Afil3t14flS^«D 

fc«^aA«iatt<b**t^B*****'*'*Ji**a 
(15) «rESB«»***-r*/i* < **»T?**±E 

(1 4) ©Ttf'J^sJ-^x^ffllWcF L*T«. - 

(i 6) wrEjEB.aAi*att<b«*ii:wrE« : f-aA«iia 

fa»AEaOS, £fc(4C*l&iH#a>M*<0. 2eV 
Kl±-e&SJlE (14) Sfcl4 (15) (DTfsiJ^yji 

(17) WE3E?LaA«i3att<b*«ia)-f*><b^>2/' 

■VJH p(D$6*Mi&3b*5. 4e VJ^Ttfe5±lH (1 2) 
- (1 6) tfH^ftfr^/K'J ^^""^ x l/&ffll^tz ELi 

(18) «TE«*aAltatt<b**a6« K U X <8-*V 
kt^s-^a) $g#-e&£±ie (1 2) - (1 

7) <D^-f^^<757tx°'J^7|-^x>^^^fcE Ll^o 



(20) 



ftmW- 7- 1 2 6 6-16 



(1 9) a*tt»Jt3&<K— ^S*tfcJfS#-*-«±IB 
(1) - (18) Ol)fh*fl)#Uf*7 x>^^L^c 

(2 0) WIBS*tt»ft35<;U^U>-C**±IB (1 9) 

[^^MiE 3 ] 

C H 
tmiA (%) 58.5 2.45 
(%) 57.07 2.07 



[ffljE»*WB«] 00 7 0 

[*»jEW«I 
[0 0 7 0] 



S 

39.55 
35.50 



Br 
0.0 
5, 56 



(CH a S) n 



H*jEttft£S«] 00 7 2 
HUE**] £M 



WJMt (X) 
(*) 



c 

58.5 
53.45 



H 
2.45 
2.32 



[0 0 7 2] 



S 

39.55 
35. 84 



0.0 
6. 39 



(C<H a S)r 



[**»jE5] 

[«E»»a«] 

HffiIE&ft«g«] 00 7 4 



ftlMS K) 



[0 0 7 4] 



c 


H 


S 


Br 




75.8 


3.8 


20.2 


0.0 


(Ci oHbS) n 


74.5 


3.7 


18.6 


3.0 





[*SiE*t*«£*] HIMF [00 7 6] 

[MjEtt*4Ig«] 0 0 7 6 





c 


H 


S 


Br 




SUM {%) 


65.4 


5.48 


29.1 


0.0 


(CHbS)» 


fflSfl (%) 


65.1 


5.51 


27.0 


2.0 





[WMIjE7] 

UfjE***8S«] 0 0 8 4 

[0 0 8 4] I , SI^» I I * 



ttfSilHi: LTIi, «MBa6 3-2 6 46 92f 

ap*x i 2 - 7 $ p ^ 'j j >mmw. y-'jz. 



(21) 



- 1 2 6 6 1 6 



[^ililijE 8 ] 

m^mmm^i mmm 

[ffilEftt^g*] 0 10 6 
[ffljElW 

[0 1 06] ±iEa>^£>&>6> U-f;ftfr#±fHi5B 

<)S^ h) T^S^OAfgtt^UH^-fc^l* 

l^&ffiiE 9 ] 
[*|IE*t#lg3I*] BJJffl* 
MiE*fgUS@€] O 1 0 8 

[0 10 8] ±BI=fcl*Tffll**IE?iaAH3aM**M*. 
-m=.-<*>it^>'> J rJl' I p <0$fe*HiI# 5 . 4eV 
feiT-o$>y, MJ* (8-^y 'jy =7 h) T;U5-^A 

illSl*4. 8eVgJSt?fcy. COfill±4. 8-5. 4 
e VtDSKKfc-S- Ll\, 

[*«»iE1 O] 

[ffiiE*f**®«] H«B« 

[*|jE&ftg[l«] 0 12 0 

[0 12 0] $t&f§lii£OT I pi, E a g£-tffi*SH it- 
's CfclcfcoT. Stlca^fc^-V'JTCO^P^^^^Sa 

©Mtf/J^-f ^Si. ±EOJ: >) T<DZ?a 

[ftttt iE 1 1 ] 
[«IE»^SS*] H«B* 
[*|jE&*5g«] O 1 2 7 
[« jE3*3;] SEM 

[ffiiErt^] 

[0 12 7] H 2 5 l=. #5fcgSl 01*. Sl^ 

«7 >^1 1. ?;^P^-$12, ttttlSl 3. i£x 

*;u^-«^-w-*«« i 4, $ij^pgai 5. mx&am 
Si efc.fciXx-Y^.T 1 — yi 7icj: y«rii**i, x- 

Y A i 1 — v±|r+>- > S £t£S L T £ft 5 t <DT? 
[*««JE1 2] 



KtjE***4Ig«] O 1 2 8 

[*fIErt#] 

[o 1 2 8] mn-m^^zf i i iciimTktit^^^ffl 

IV C<D^>^t.ttifc3t^ ; E>'^P^— £ 1 2lcj:y 
200~360n mO)ff t©iSfil:03fe L, "9->^US 
SSI=fi§*tT-5o 2 0 0~3 6 0 nm©5tl*, E=hv 
= h (C/A) (Erx*;!,*— , h:^^>->S» ( 

v : stag, a : atfi) ca*si*Ti*;wf-i:«» 

•T-ixh. #^6. 2~3. 4eVt§§, C<D5fc£®i@ 

•Sfit-efcSo cro^ai-LTjfcai^ftfcftm^&ajfS 

L. KliiE-^T-v K$'TA*tf>»jt3g<!: L<D 

[JfttttJE 1 3 ] 
MjE**M1«] 0 13 0 

[0 1 3 0] «r*>*IJffllg{Bl 51*, =Ey -i7P^— $ 1 2 

(D&glSitu x -YXf-v i 7i=«t-5-y-i/^ufiSro 

[¥MMjE1 4] 

[*siE*t#imii*] hmi* 

[MiEW^] 
[^#<Di5iB^] 

1 EL|? 

2 £« 

3 Pi® 

4 xnstMtatJi 

5 3£3tJf 

6 mT&Afal&Jf 

7 P£*I 

i o ex*juF—re#*£B 
i i 

1 2 =E/ ^7 P>— $ 

i 3 ©as 

1 4 «x*;u*— *^-ttft«« 

i 5 «wsa 
i 6 ;^#a^s* 

1 7 X -YXf-v 



(22) 



®m¥-7- 1 2 6 6 1 6 



[3Mi«jE1 5] 

[il2] 

14 



✓11 



15 



— r— 


-1/ 


































m 

m 






















s 








f S 








IE 



10 




[ffittiB] ¥j£6^9.E 3 O B 

l^mmm i ] 

[ffljE*tm^g«] «*3S1 8 

[nt*4i i s ] «re«*-£.Mtastt*k£»j&< hjx 

(8-^r / 'jy v h) T^U S— -5 AT? **W*ai 2~ 
1 7 <Dl*-f tlfr <D Is $mMzE Lfg^f-o . 
[¥tt*|jE 2 ] 

[MiE*f»^e*] 0 0 13 

[0 0 1 3] *«Mb*1fc«l=A^U>*flH*fc 

»{*©fflfcK*&fc«jEflJIJjSJli MJX (8-*y U 
/7h) T>U 5 -^AoafiJtJii: EL*^ 

*L^I*iE?Llll3*Ji©*«lliffi«i|i»tje*JB*(*:l=^^ 
U>* K— ^Lfc*fl!)*<a3lE*4irt**. fit, iEfl. 
MSIJVI= K— ^Lfc*a>_-CI*, h'JX (8 -^W ^7 
h) TJUS-^At^UVOiS^&fBJtetffi-Sw 

BI9teHa?ML 28P-Q-8 (1 992) :ft 

hp-^x^i^ (joe 



M) D— 2'>3V?9 2^mm. 3 1 (1 9 9 2) ] o 
h'J7i-^v7;>if# (TPD) roiEfLHJ 

0. SB. jftffl. SSBBs *5 4B£JBM¥4MIHKN* 
ltft¥MJR. 29p-2C-7 (1 993) ] . 
[¥^«iE3] 

[ffiiE»*«B«] O 02 3 

[0O23] [{b6(CfclNT. R3fe<tU:R4lt 

*;fc>U 'z4^t)l*l^-'et*^Corl<^r ; t<};L^„ nl*4 
~1 007?fe^), ] 

o) tutem^*© ?*>©'>&< i iiiii^tt-r 

do) imbs*(*©5%<d*«e< weuts** 
iEfl.aAit3fe**iWc< fc* i -te («> £fc 

I* (9) CD7K'J^7)-7x>^ffltAfcE L*T-o 

(i i) *&i=, «?aA»ai*tt4±E (8) ~ 

(1 O) (Dl^-fHfrlDtfiJ 1 ?*? 3Lis$miitzELflk 
(12) JtIB (1) ~ (1 1) <Dl*-ftlfr <D# >)ttZ7 



(23) 



4*§B¥ 7- 1 2 6 6 1 6 



S^'M<it1ItU flUIEe^lcfclt-SflulEjEft 
it A«KS6ttft$* <k WJB«*- & A*fil2t14<b^1*l <h (0 -f * 

*fcttCHt>M#CD^3!)<0. 2 e VJU-t-efc-S^U 
^tf" 7 1 > £ ffl 1^7= E L m^f-o 

(i 3) wEjEftaAnaMtfli^***:*-*-**^ itr 
AiS&&jf±i-«Jf £*i-c;fcy. iffEfli^aAitasttfl:* 
^rr*ii±i=«i**iTi**±iB (i 2) cdtK'j 

(1 4) ±fB (1 ) ~ (1 3) <Dl^-ftlfr<D7\Z<)T*y 
x>£fflt^fiE L*^-|Cfcl^T. IE*Li&AliJj3i'tt<b-&«B 

(i 5) mEa$****r*Ji4 f flB*)i-c**-tiB 

(1 4) (BTK'J^^x^ffll^E Ltf . 

(16) tffffiE?LaA»3!ttfc*ft£«riEW*i£A«a 
ttlb^ttO^MbTf^f^vVJU I p<DI4,L<I*1 
^f-mmtSE a(Df, .*fcl*C4xt>i55#<7)MA<0. 2eV 
CLfCfcSJbE (14) *fcl* (1 5) OTtfUf 

(i 7) wnEjEfl.aAH36ttft**©-<*i''(b7KTi/*> 

-WU I p <D$&*Hi*< 5 . 4 e VteTFT-fc-5-tfe (1 2) 

~ (16) ai^-rtifrotfijtt? zL^&mi^t-E Lt 

(18) Wffi«^aA«>3!tt<lb**2&< HJ * (8-*-/ 
'jy 5 h) T;U5-t7AT-feS±f2 (1 2) ~ (1 7) 
O L^T^WtK 'J f* Z> x > £jfl W= E L mi-o 

(19) «3fctt*KtfK-^*ih.fcJB£fr*-*-tE 
(1) ~ (1 8) <7U^;h.fr<D7KUf * ^x^ffll^fc 

(20) tffiEa*i±»H4<;u^u^-e**±lE (i 9) 

C^«ffiiE4] 

Mi]E#augis«] 0053 

[*SiEl*i#] 

[0 0 5 3] ^S-&* I I li. S^rt* I 

ttfVf&L^tf* 1 O^E^yoJiiT^fe^lSteO)^/ v— 

l^-5ftoTt.J:<. <b9 0)1ijgie(*-«»J:a^m^ 

P±f±. ■tft-eh.i^--efeoT*S£c-5 : ia>T?fc-3T* 

[^ig|ffiIE5] 



[«IE*tJfc3SS*] O 0 6 9 
[*ifjEl*3#] 

[006 91 ^111 tK'J (ft7l>-2, 4-S? 
-T;U) im&ft I - 1 = jfcag&H;£fel*B rj <P£j$ 
t*X (1, 5-->^P7|-^^^X» ^.-y<7-;U (N i. 

(cod) 2) 1- 58g (5. 7 1. mm o I ) , 2 , 
2 * — fc* t* 'J > 0 . 9 O g ( 5 . 7 5 mm o I ) t. 
1 , 5 - v-^ P^--5 $ ixX> 1 . OmlJ. N, IM-S? 
^^U/f^UATS K5 Om I IcM^I^H^^TJjln- 
$e,|Z2, 4-i?'?P : E^^Z7x>1 . 15g (4. 7 
6mmo I) 6 0°CT- 1 8 h r }g#L,7=o -?"<£> 

x-jiy— ;uj§;£, if u>>7 s >7K>§?S. h;ux^ % 

[*fiE*f^«S*] 0 0 7 7 

[007 7] ^ff!5 ft7i>-2, 4-^^;b- 

ft?i>-2, 5--^-r;u (i : i) c^m 

tfx (1, 5-~>5al-5 5> i?X» —v^JU (N i 
(cod) 2) 1- 58g (5. 71mmol). 2, 
2' -tffcf'JvVO. 90 g (5. 7 5 mm o I ) t. 
1, 5-v^P^-^^ vX>1 . OmlJ, N P N-i? 
/f;t*JI/A7S K5 Om I l=Mf£f?H§i*-e;l^U 
$ f>|Z2, 5-y^ft7i>0. 63g (2. 6 
mmo I ) t, 2, 4--y^D ; Eft7i>0. 63g 
(2. 6 m o I ) t$1)U7l* 6 0°Ct-1 8 h r tltt L 

tb. ^-x^ty— x^b>5?7'S>7K;#; - S. 
h;ux> % s»tK. x^jy— ;ur*j5t;#Lfco «!$i*9 3% 

[^«MjE 7 ] 

[«IE*fft«g*] O 0 9 8 
[ffiiEP«i#] 

[0 0 9 8] Z^.&M'fb^-^f^iro I pi,.Eaif± 

^p->+>^3am*<s^y. ai*»i=*»*«tM*=F* 
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^ffl¥7-1 2 6 6 16 



MMSWiiiES] 

mJEtt&.l&B%] 0 0 9 9 
HfIEl*a§] 

[oo'9 9] ±sf=asi^-c. «T-aAnaitft^*** 
*r £ e as <fe i;ie A.a Anattft** £ * » t » 

[tllIE&**S«] Httft 
[ffijEftfegg«] 0 10 1 

[oioi] *y3fi»Lfc»ra±, ftizmmmf&X'it. 
i= as it 5 * -v y r s p * >^ sas * *i*>-r 

remtiEi o] 

[fi|jE***Sg«] 0 10 6 

[01 0 6] jisMD&toUfrx-is iT>-f4xfrtf±tzmm 

l=fc*ltf«fcl**«» 1#(::l*ni*<D*j!»«-tE«SHi::fc* = t 
©fitf-fcEfcffllcfc* z LI*. 

reign iE 1 1 ] 

[*iIE*t#tJSg«] 0 10 7 

[0107] z<Dt$<om:<D±wim.i~it¥f\zmm&3:i' i 

~1 e V^HI-fc-S-irtfSSLlV, 

m£»MS<B] 0 10 8 
[#iE^^] £M 
[ffiiEf^] 

[0 1 0 8] ±Eir£ltT/8l*«jE7L&Mft3**r*tt:. 



1*4. 8 e VfUfCfcy. C<Dfi£l*4. 8-5. 4eV 
com. Hl= -S - i: L I*. 

[¥«*iE 1 3 ] 

[ffliEfcftlSSI*] ^$ffl« 

[«E*t^3SS«] 0 111 

[ffiaE^Ss] 3£JE 
[liilEf*]^] 

[o i i i ] #i=. ±E<D«j*i=*su*r« : ?-aAlft»*t 

LTI*. h'JX (8-^^ 'jy^ h) TVUS-^A 

-V;U I pCDf6*Hll*®^5. 6~5. 7 e VflJStrfc 
y. atf>$&*ffitl*2. 9-3. OeVgt 

[#»ttiEl 4] 

..[«jE*MMI@*] 0 113 

[0 113] 

[tei /] 

[^SgSMIEl 5] 
[*ijE*ftl«S£] BJSfffl* 
HfiEStf&SS*] 0 115 
[»iE*a] £M 
[|fIErt#] 

[0 115] CCD<h#. jg^Jilcfi^v U70>*-v fc°> 
<X t<X- £ -5 C £ lz -5 <D T% v 'J 7 f*®1± 

-r<C*>%iE?LI*jE?L 

<^y. 4r*y7WS***£*#»«-C. +t'J7* 

[#«ttiE1 6] 
[1«iES**SS*] B^iMS 
[liE^Jip*] 0 12 0 

[ffiiErt^] 

[0 1 2 O] *t»ra±© I pi, EalUffillit 
-SZirlCcfcoT, 5tlc£E'<fc^rVy7'<O^P-v : ^^'9'^ 
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[«iE*t^S«] 0 12 1 

mttmi mm 

[0 1 2 1] ±m<T>&<DtefrX'i>. ^-rti*^A<±|HffiH 
Ic&ftlSJ:^. #l=l*i5g^<7)MA<JilBfGHI=&-5c:i: 

'JX (8-*V 'J^ b) 7^5-^$ffll^i:#li 

<D*g*f<i. ztzm+tZAwrMttrnt lt h >; x ( e - * 

•^ftffl-T -5 IE?ta A«S^^ t AH& i: <D W 

[3MS*iIE 1 8 ] 
MiE*t#lS3I€] BJfflS 
MJEfctfUll*] 0 12 8 

ltiiEJ5&i mm 

[*SjEW§] 

[0 12 8] mH&^^l 1 

IV CC^^bttifcjt??^^- * 1 2lZj:y 
2 0 O ~ 3 6 0 n mWfff ©;til:»Jfe L. -^>Zf}VS 
SMlcRB^-rSo 2 0 0~3 6 0nm©3feli, E=hv 
= h (c/A) (E:X^;U4=- h : 

V : MWi®., A : jgft) ©jE^fflUTX*^— K&ff 
"T^xts =&*6. 2~3. 4eVirJEC§o Z.G>yt&m& 

1 3fccfctfi£i*^-STft!8tgMl 4£ffll^TfH& 
CD*fIE£:i:0>5tSr£ LfcSL S 3 Ic^-T «fe -5 fclSigx* 

6 o^r -< x-^u-<±ica*-r -So 

mSfitlEl 9] 
[*fIE*tfiSS«] BH^* 
[«IE*f^J|g=8] O 1 6 6 
[*SIE7jj£] £M 
[lfjErt#] 
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[0 1 6 6] <^JSCJ4>HSg^Jl (CfcUT. h 'J X 
(8-^'J/7h) T)l>Z-<51±(D&i>tfi<»lZfrl~^ 
n+SLAWS&ttmt LXm- fX [2- (4-t e r t 

-7"»7i-a) - i, 3, 4-^i-^-y-v7i/— ;u] 

£fES!Lfc. C<Di#i§r, S§5fcJi<DJ5£l*5 0 n nru 
2LKmm.m<J>m2\*'i OnmiU H^&Afa&EtJIIifS 

[3Mg6*iIE2 O] 
[ffiiE*f^S!®=S] B^$fB« 
[ffiIE;ttgUSg«] 0 17 5 
[*fIE73i£] 
[ffiiEI*l§] 

[0 17 5] ^ 1, 1 -fX (4-V-P- h'J 
;UT5/ 7i=« v^P^^-y-^^^SiEffio. 1~ 
O. 2nm/secfl!l5 0nm©I?lcItU I- 
iEfLaA^Jli: Lfco 

l^mttlE 2 1 ] 

[ifiE^m^*] mmm 

[*fIE*f£USg*] 0 18 0 
[filET^] SEM 

[0 18 0] *f, i, i -fx (4-v-p- 

7^7i-Jb) i>-7 □^^r-y->^^^3^S0. 2nm 
/secfSOn mtf)J*£ icjIS U IE?l;iA$i!jtJf £ 

l^mffiiE 2 2] 
[ffiiE^SH«] bj$b# 
[*iIE*f^g*] 0 2 12 
[*fIE7?;£] mm 
[ffiiErt^] 

10 2 121 Sfc. cft«o<&Sl§rttfc^L*S£r#:a>-< 
^•fb/K^v-WH p<D$&*Hitl*. 4. 8~5. 4e 
V<DffiHlc3oy x N, N ' -fX (m-^f^7i- 
;U) — N , N ' -v7i-*-1, 1' -f7i-A- 

4, 4, -v?T5 >3=7=l*1 , 1 -t'X (4-p- h'J 
;i/7 5/7i-A) ->^P^^-9"> (I p<D$&*MiI= 

5. 4 o e v) m^m-iEn^xm^mmit^mt-r^ 

ifffl-tr-e-C m-IETLaAilI52lSffli:-r-5<Olc.S>*^L^ 

^b^fe £ miR-? set *<r- #fco 
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